Abstract: Co(II) complexes of the type [Co(L)(NO 3 ) 2 ] (L = tetraazamacrocycle with 18 to 34-membered ring) were synthesized by the template condensation of b-diketones, such as 2,4-pentanedione, 1-phenyl-1,3-butanedione or 1,3-diphenyl-1,3-propanedione, with diaminoalkanes. The complexes were characterized by elemental analyses, molar conductances and magnetic moments measurements, as well as infra red and electronic spectroscopy.
INTRODUCTION
Several complex of Co(II and III) with azamacrocycles have been reported. 1, 2 Cyclocondensation of a-and b-diketones with diaminoalkanes in the presence of transition metal ions as templates has been reported to yield tetraazamacrocyclic complexes. Jackels et al. 3 synthesized Co(III) complexes of tetraazamacrocycles by cyclocondensation of 2,3-butanedione with 1,3-diaminopropane in the presence of Co(III) salts. Co(II) complexes of tetraazamacrocycles derived from the condensation of benzil with diaminoalkanes have been reported earlier from our laboratories. 4 A few complexes of Co(II) with 14-and 16-membered tetraazamacrocycles derived from b-diketones have been synthesized. 5, 6 However, Co(II) complexes with large ring tetraazamacrocycles derived from b-diketones have not been reported so far. In continuation of our earlier work on Ni(II), 7 Cu(II) 8 and Zn(II) 9 complexes with large ring (18-to 34-membered) tetraazamacrocycles derived from b-diketones and diaminoalkanes the synthesis of Co(II) complexes of such macrocycles is reported herein.
EXPERIMENTAL

Materials
2,4-Pentanedione (BDH), 1,4-diaminobutane (Fluka), and 1,6-diamino-hexane (Koch Light) were purified by distillation before use. 1,7-Diamino-heptane (Aldrich), 1,8-diaminooctane (Fluka), 1,9-diaminononane (Aldrich), 1,12-diaminododecane (Fluka), 1-phenyl-1,3-butanedione (Sesco Chem., India) and 1,3-diphenyl-1,3-propanedione (Sisco Chem., India) were used as supplied. Co(NO 3 ) 2 . 6H 2 O (Fluka) was of AR grade.
Analytical methods and physical measurements
Cobalt was determined volumetrically by EDTA using Xylenol Orange as indicator. Nitrogen was determined by the Kjeldahl method. Molar conductances of 10 -3 M solutions of the complexes in DMSO where measured using a Systronics 304 direct reading conductivity meter. Magnetic measurements were carried out on a Gouy balance at Banasthali Vidyapith, Banasthali, Rajasthan, using Hg[Co(CNS) 4 ] as the reference. IR Spectra (KBr) of the complexes were recorded in the region 200-4000 cm -1 on a Perkin Elmer 577 Grating IR spectrophotometer. Electronic spectra (DMSO) were recorded in the region 200-800 nm on a Hitachi U-2000 spectrophotometer.
Synthesis of Co(II) complexes of tetraazamacrocycles derived from 2,4-pentanedione
To Co(NO 3 ) 2 . 6H 2 O (4.0 mmol) dissolved in 20 ml of n-butanol was added dropwise a butanolic solution of 2,4-pentanedione (8.0 mmol) under continuous stirring. Then a butanolic soltuion of 8.0 mmol of 1,4-diaminobutane was added and the contents were stirred for » 6 h. The solid product was filtered, washed with n-butanol and dried under reduced pressure. A similar procedure was adopted for the synthesis of Co(II) complexes of macrocycles derived from 2,4-pentanedione and 1,6-diamino-hexane, 1,7-diaminoheptane, 1,8-diaminooctane, 1,9-diaminononane or 1,12-diaminododecane.
Synthesis of Co(II) complexes of tetraazamacrocycles derived from 1-phenyl-1,3-butanedione
To Co(NO 3 ) 2 . 6H 2 O (1.5 mmol) dissolved in 15 ml n-butanol was added dropwise a solution of 1-phenyl-1,3-butanedione. (3.0 mmol in 10 ml n-butanol) with stirring. Then 1,4-diamino-butane (3.0 mmol in 10 ml n-butanol was added. The colour of the reaction mixture changed from dark pink to mustard yellow with formation of a solid product. The reaction mixture was stirred for 6 h, after which product was filtered, washed with small volumes of n-butanol and dried under reduced pressure. The synthesis of Co(II) complexes of the other tetraazamacrocycles derived from 1-phenyl-1,3-butanedione and 1,6-diaminohexane, 1,7-diaminoheptane, 1,8-diaminooctane, 1,9-diaminononane or 1,12-diaminododecane was carried out using a similar method.
Synthesis of Co(II) complexes of tetraazamacrocycles derived from 1,3-diphenyl-1,3-propanedione
To Co(NO 3 ) 2 . 6H 2 O (0.93 mmol) dissolved in 10 ml of n-butanol under stirring at 50°C was added a mixture of 1.86 mmol of 1,3-diphenyl-1,3-propanedione and 1.86 mmol of 1,4-diaminobutane in n-butanol at the same temperature. The contents were stirred for » 5 h. A bright yellow coloured product formed which was filtered, washed with n-butanol and dried under reduced pressure. The Co(II) complex of the macrocycle derived from 1,3-diphenyl-1,3-propanedione and 1,6-diaminohexane was synthesized in a similar manner.
RESULTS AND DISCUSSION
Co(II) complexes (I) of 18 to 34-membered tetraazamacrocycles were prepared by template condensation of b-diketones (2,4-pentanedione, 1-phenyl-1,3-butanedione or 1,3-diphenylpropane-1,3-dione) with diaminoalkanes, such as 1,4-diaminobutane, 1,6-diaminohexane, 1,7-diaminoheptane, 1,8-diaminooctane, 1,9-diaminononane and 1,12-diaminododecane, in the presence of Co(II) nitrate (Scheme 1).
The resulting complexes were obtained as coloured solids in good yields. They are insoluble in chloroform, carbon tetrachloride, nitromethane and dimethyl formamide but soluble in methanol and DMSO. The analyses and characteristics of complexes are given in Table I .
Infrared spectra
In the IR spectra of the Co(II) macrocyclic complexes, no absorption bands were observed at 1700 and »3400 cm -1 , which could be assigned to free carbonyl and primary amino groups, respectively, suggesting that these groups have undergone condensation to give C=N linkages. This is supported by the appearance of absorption bands at »1570 cm -1 , arising from coordinated C=N groups. For Co(II), Ni(II) and Cu(II) complexes of the macrocycle derived from 2,4-pen-Scheme 1. tanedione and 2,6-dipicolinic acid hydrazide, bands at »1630, »1610 and 1595 cm -1 were assigned to n(C=N). 10 In the IR spectra of Co(II) complexes of macrocycles derived from 1-phenyl-1,3-butanedione or 1,3-diphenyl-1,3-propanedione, a medium intensity absorption band in the region 1400-1500 cm -1 may be assigned to phenyl ring absorptions. Absorption bands in the similar region observed for Co(II), Ni(II) and Cu(II) complexes of the macrocycle derived from 1,3-diphenyl-1,3-propanedione and 2,6-diaminopyridine, were reported to arise from phenyl ring vibrations. 11 A broad band of medium intensity in the region 2880-3210 cm -1 may be attributed to n(N-H) vibrations. The band at 3240 cm -1 in the spectrum of the Cu(II) complex of the macrocycle derived from 2,6-diacetylpyridine and 1,7-diamino-4-azaheptane was assigned to n(N-H). 12 The Co(II) complexes exhibit bands in the region 1000-1040 cm -1 which are characteristic of coordinated nitrate, 11 whereas bands in the region 1320-1360, 810-830 and 720-730 cm -1 may be assigned to ionic nitrate. 13 Thus, the appearance of bands due to both coordinated and ionic nitrate suggests that the nitrate groups are weakly coordinated.
Conductances
The molar conductances of 10 -3 M solutions of most of the complexes in DMSO are in the range 41-88 ohm -1 cm 2 mol -1 (Table I) indicating that they are 2:1 electroytes. 14 Thus, the coordinated nitrate groups are replaced by solvent molecules. However, the conductance values for two complexes were slightly lower. For Zn(II), Cd(II), Hg(II) and Mn(II) complexes of the 2,9-dihydrazino derivative of 1,10-phenanthroline, Lewis et al. 15 reported conductance values in the range 50-80 ohm -1 cm 2 mol -1 , suggesting them to be 2 : 1 electrolytes.
Magnetic moments
The 2 ], were determined at room temperature (»300 K) and the m eff values were found to be 3.59 and 5.65 BM, respectively. These values are consistent with the high spin configuration of Co(II) with a considerable orbital contribution. For Co(II) complexes of the pendant arm pentaazamacrocycles, 1-(2'-dimethylaminoethyl)-1,5,9,13-tetraazacyclohexadecane and 1-(2'-dimethylaminoethyl)-5,9,13-trimethyl-1,5,9,13-tetraazacyclohexadecane, Alcock et al. 16 reported magnetic moments of » 3.8 BM. For Co(II) complexes of the macrocycle derived from benzil and m-phenylenediamine, m eff values in the range 5.08-5.16 BM were reported. 17 Magnetic moments in the range 4.58-5.10 BM were reported for Co(II) complexes of the macrocycle derived from 2,6-diaminopyridine and 1,3-diphenylpropane-1,3-dione. 11 
Electronic spectra
Electronic spectra of a few representative Co(II) macrocyclic complexes were recorded. The spectra are consistent with a distorted octahedral geometry with D 4h symmetry. Co(II) has the t 2g 5 e g 2 configuration in high spin octehdral complexes. The ground state term arising from this configuration is 4 T 1g and there are three spin allowed transitions, 4 T 1g ® 4 T 2g , 4 T 1g ® 4 A 2g and 4 T 1g (F)® 4 T 1g (P). Bands at 16611-17220 and 19960-20160 cm -1 may be assignet to 4 T 1g ® 4 A 2g and 4 T 1g (F)® 4 T 1g (P) transitions, respectively. The intense band at 24690-30959 cm -1 is a charge transfer band. 18, 19 For Co(II) complexes of the macrocycle derived from 2,4-pentanedione and m-phenylenediamine, Rana et al. 20 attributed the bands at 7935-8930, 15650-17540 and 18000-19320 cm -1 to 4 T 1g ® 4 T 2g , 4 T 1g ® 4 A 2g and 4 T 1g (F)® 4 T 1g (P) transitions, respectively and D 4h symmetry was assigned. Malik and coworkers 21 also assigned a distorted octahedral geometry with D 4h symmetry to Co(II) complexes of the macrocycle derived from 2,3-butanedione and 2,6-diaminopyridine and the bands at 8255-8750, 15750-16260 and 21050 cm -1 were to 4 T 1g ® 4 T 2g , 4 T 1g ® 4 A 2g and 4 T 1g® 4 T 1g (P) transitions, respectively.
